Magnetic tunnel junctions ͑MTJs͒ based on complex manganese oxides have recently been the focus of much interest due to their potential applications in spintronics and magnetic recording. [1] [2] [3] [4] [5] [6] The high degree of spin polarization of the conduction band of manganites, confirmed for La 0.7 Sr 0.3 MnO 3 ͑LSMO͒ by photoemission spectroscopy, 7 is expected to yield large tunneling magnetoresistance ͑TMR͒. Indeed, transport experiments leading to large degrees of spin polarization seem to confirm this expectation ͓P = 95% at 4 K, 3 and 86% at 77 K ͑see Ref. 8͔͒ . However, while large values of TMR have been obtained in experiments done at low temperature, a rapid decrease of TMR has been often observed in manganite-based tunnel junctions with increasing temperature, vanishing at temperatures below the Curie temperature of the bulk electrodes. 4, [8] [9] [10] [11] It has been suggested 4 that the rapid drop of TMR with temperature might be due to a weakened ferromagnetism resulting from structural distortions or modified chemical bonding at the interface. In addition, epitaxial mismatch strain might also influence the intrinsic tendency of manganites to phase separation modifying the magnetic properties of the electrodes at the interface. 12 In fact, this might provide an explanation for the different values of TMR reported for LSMO-based tunnel junctions with different insulating barriers. 3, 6 These problems suggest that further research is necessary to examine the influence of interface properties on the TMR.
In this letter, we report on MTJs with manganite electrodes and a new barrier of PrBa 2 Cu 3 O 7 ͑PBCO͒. We show that the chemically coherent growth of PBCO on La 0.7 Ca 0.3 MnO 3 ͑LCMO͒ allows depositing nanometer thick barriers continuous and atomically flat over large lateral distances, yielding MTJs with large TMR. Furthermore, we show that the anisotropic mismatch strain with the LCMO induces a depressed T C and enhanced coercivity in the top layer allowing the independent magnetization switching of both LCMO layers. This result constitutes additional evidence of the importance of chemical bonding and interface properties on the spin polarization and TMR of MTJs.
Films were grown on ͑100͒ SrTiO 3 ͑STO͒ substrate in a high pressure ͑3.4 mbar͒ pure oxygen sputtering system at high temperatures ͑900°C͒. This technique provides a very thermalized and ordered growth at a slow rate ͑1 nm/ min͒ that allows an accurate control of the layer thickness. Bottom electrode was grown thicker ͑50 nm͒ than the top electrode ͑8 nm͒ to favor different coercivities of both electrodes. Junctions were patterned using optical lithography and Ar ion milling. Further details on the patterning process can be found elsewhere. 3, 4 Magnetic measurements were performed by superconducting quantum interference device ͑SQUID; Quantum Design͒ magnetometry. Electrical measurements were performed in the current-perpendicular-to-plane geometry using four-terminal dc method with the magnetic field applied parallel to the in-plane direction of the samples. Electron microscopy observations were carried out in a VG Microscopes HB501UX dedicated scanning transmission electron microscope ͑STEM͒. Figure 2 also shows a resistance versus temperature curve of the tunnel junction, evidencing the metal-insulator ͑MI͒ transition that occurs at both Curie temperatures. The T C value for the 8 nm film is in good agreement with the one reported by Bibes et al. 13 for thin LCMO films on SrTiO 3 . Such reduction for the 8 nm film could be attributed to a large tensile strain between PBCO and LCMO. In plane lattice parameters of PBCO are a = 0.3865 nm and b = 0.3931 nm. Therefore, there is nearly perfect lattice matching with the manganite along a direction, while ͑b PBCO − b LCMO ͒ / b LCMO ϳ 1.58% along the b direction. The reduced Curie temperature has been attributed to the weakening of the doubleexchange mechanism due to strain-related charge localization at the interface. 13 In order to examine the coercive field of both electrodes, we have measured the magnetization loops after zero field cooling. In the inset of Fig. 2 , we show the hysteresis loops measured at 5 K of single LCMO ͑50 nm͒ film directly grown on STO substrate ͑dark symbols͒ and of LCMO ͑8 nm͒ film grown on 2 u.c. PBCO buffer on STO ͑open symbols͒ with a magnetic field applied parallel to the plane direction of the samples. The thicker LCMO ͑50 nm͒ film exhibits a small coercive field H C1 ϳ 30 Oe, while the 8 nm film grown on PBCO shows a significantly enhanced value of H C2 ϳ 380 Oe. The reduced Curie temperature and enhanced coercivity of the top layer may be related to changes of the electronic structure at the interface caused by strain, to modified chemical bonding, or even to charge transfer as recently reported for cuprate/manganite heterostructures.
14 Interface effects are expected to be more pronounced in the thinner top layer than in the bottom one. The difference in coercive fields ensures antiparallel alignment of the magnetization of bottom and top electrodes over a wide field interval.
In Fig. 3 , we display the TMR measured at a bias voltage of V dc = 10 mV as a function of magnetic field for LCMO ͑8 nm͒/PBCO ͑2.4 nm͒/LCMO ͑50 nm͒ junction measured at temperatures ranging from 80 to 110 K. The temperature has been kept in this range to avoid complications due to the antiferromagnetic transition known to occur in the barrier material at lower temperatures. 15 The junction area was 50 ϫ 50 ͑m͒ 2 . TMR was defined as TMR= ͑R ap − R p ͒ / R p , where R ap and R p are, respectively, the tunnel resistances in the antiparallel and parallel magnetization configurations. The junction resistance switches sharply from parallel to antiparallel state ͑and vice versa͒ at field values corresponding to the coercive fields obtained from SQUID measurements ͑see the inset of Fig. 2͒ . The TMR ratio is about 110% at relatively high temperature ͑T =80 K͒ and then decreases with increasing temperature. In fact, it vanishes at the MI transition temperature of the top electrode ͑see Fig. 2͒ . This result, together with the sharp switching between parallel and antiparallel alignment of the magnetization of both LCMO electrodes, reflects the high structural quality of our MTJs. Furthermore, the I-V characteristic ͑see the inset of Fig. 3͒ shows a typical nonlinear and slightly asymmetric behavior generally observed in MTJs with different electrodes. All these observations indicate that our MTJs are free of pinholes and that tunneling is the dominant transport mechanism. 16 Assuming that the polarization decreases almost as the magnetization, 4 that is, the polarization of the thin layer at 80 K is 56% of its value at 5 K ͑see Fig. 2͒ , whereas the polarization of the thick layer is nearly constant on the temperature range 5 -80 K, we can use Jullière formula, 17 TMR= 2͓͑0.56P 0 ͒P 0 / ͑1− P 0 ͑0.56P 0 ͔͒͒, to obtain a value of the spin polarization of at least 80% at 5 K.
In summary, we have shown TMR in excess of 100% on LCMO ͑8 nm͒/PBCO ͑2.4 nm͒/LCMO ͑50 nm͒ junctions. Structural analysis has confirmed the high quality of our 
